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Recent Developments in Stem Cell Research:
Social, Ethical, and Legal Issues for the
Future
LOANE SKENE*

On February 12, 2009, Professor Skene delivered the George P.
Smith II Lecture at the Indiana University Maurer School of Law.
"While Americans might decide to limit 'halfway' or exotic, sciencefiction inspired technologies, such as artificialhearts or brain transfers
into robot bodies, it would appear unlikely they would ever approve
limitations on medical research whose focus is to discover technologies,
drugs and scientific techniques which not only maintain qualitative
existence but extend life." Professor George P. Smith I.1
INTRODUCTION

In March 2009, President Obama signed an Executive Order
reversing President Bush's Order limiting the types of human
embryonic stem cells that can receive federal funding for research.
Many people believe this Order signals a new era in this research.
However, it is only the first step towards allowing federal funding for
American scientists to do the types of embryo research that are allowed
in some other countries. Also, science moves at varying speeds and the
focus moves quickly from one type of stem cell research to another. At
the time of writing, embryonic stem cell research is moving more slowly,
due partly to reports of an unregulated stem cell procedure in Moscow

* Professor of Law, University of Melbourne. This article derives, in part, from the
George P. Smith II Lecture, entitled "Recent Developments in Stem Cell Research: Social,
Ethical and Legal Issues for the Future." Thanks to Dr. Teija Peura, Director of Human
Embryonic Stem Cell Laboratories at the Australian Stem Cell Centre; and Dr. Debra
Mathews, Assistant Director for Science Programs for the Berman Institute of Bioethics at

Johns Hopkins University, for their comments on an earlier draft of this paper; and to
Phoebe Connell, LLB-BSc student, for her research in updating the paper.
1. GEORGE P. SMITH II, DISTRIBUTIVE JUSTICE AND THE NEW MEDICINE 4 (2008).
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causing a young Israeli boy to develop tumors, and partly to new
developments in research deriving stem cells without forming embryos.
However, embryonic stem cell research may again advance, especially
with the increased funds that are expected to become available for it.
This paper suggests that if embryonic stem cell research-or any other
aspect of stem cell research-ultimately produces effective treatments
for human health care, it will receive broad community support, even if
there have been earlier reservations about the research has have led to
the new treatments.
The paper describes the aims of human stem cell research and the
progress that scientists have made over the last few years. It explains
how the potential of stem cell treatments has been established in
animal experiments and in recent research in which stem cells have
been formed from embryos and from body cells; and pluripotent stem
cells have been differentiated into other kinds of cells. Some significant
experiments have illustrated the effectiveness of stem cell treatment in
treating medical conditions, both in animals and humans. In humans,
research has been proceeding more slowly but there have been many
developments in basic biology and we are on the brink of clinical
applications. The U.S. Food and Drug Administration (FDA) has been
asked to approve the first drug for human health care produced in the
milk of an animal, which was created by inserting a human gene into
the animal at an embryonic stage, and the first U.S. clinical trial of a
stem cell treatment in humans, which was about to start when the news
of the Moscow procedure was announced, has been placed on hold. The
paper considers some of the regulatory issues that have arisen in
relation to stem cell research, especially research involving human
embryos and human bodily material. It outlines regulatory responses to
date, mainly in the U.S., Canada, the U.K., and Australia. It examines
and evaluates those responses in light of the actual and anticipated
progress of the various aspects of stem cells described in the paper and
suggests that if research produces safe and effective treatments, that
research will guide future regulation.

I. HUMAN EMBRYONIC AND STEM CELL RESEARCH:
AIMS, ACHIEVEMENTS, AND FUTURE PROSPECTS

A. Aims of Research
One aim of human stem cell research is to treat patients by
transplanting healthy cells derived from their own bodies to stimulate
the repair of diseased tissue. The concept of treating patients in this
way has been established for more than forty years in treatment for
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leukemia. Bone marrow (a type of body tissue containing stem cells) is
obtained from donors and transplanted into patients. If the
transplanted cells come from the patient, rather than a donor, the cells
will not be rejected as foreign material by the patient's immune system
and the patient will avoid a lifetime of immuno-suppressive drugs,
which may have adverse effects. Conditions that might be treated like
this include "spinal cord injury, stroke, burns, heart disease, diabetes,
osteoarthritis, rheumatoid arthritis, vision disorders, motor neuron
disease and liver diseases," as well as "Parkinson's and Alzheimer's
diseases." 2 Many of these diseases are caused by the deterioration of the
body and the incidence of disease increases with a patient's age, an
important factor for many countries with ageing populations. 3 For
patients with diseased organs, it is hoped that instead of having organ
transplants, the injection of healthy cells will make their diseased
organs regenerate themselves. Other research aims to "turn off' the
4
stem cells that cause some cancers.
Stem cells are also valuable when scientists are studying diseases.
They provide a means for scientists to create a "disease in a dish." For
example, scientists will be able to take skin cells from patients with a
condition like motor neuron disease, turn them into stem cells in a test
tube, and then stimulate those cells to produce nerve cells. They will
then have nerve cells with the characteristics of motor neuron disease to
study the development of the disease and to test new drugs.
B. Embryonic Stem Cells and Stem Cells Derived from Body Cells
Human stem cells may be obtained from human embryos or from
body cells. The latter are often called "adult" stem cells, but they could
also come from a child. Embryonic stem cells are pluripotent-they can
develop into any other type of cell in the body. Until recently, stem cells
derived from body cells could form only one type of body part or tissue,
2. Roger Dobson, Hopes for a Body-Repair System to Cure Many Ills, TIMES ONLINE
(U.K.), May 10, 2008, http://business.timesonline.co.uk/tolfbusiness/specials/stemceell
research/article3904019.ece.
3. See Jenny Knight, Families Seek Treatment to Ease Misery of Alzheimer's, TIMES
ONLINE (U.K.), May 10, 2008, http://business.timesonline.co.uk/tol/business/specials/
stemcellresearchlarticle3904109.ece (mentioning the impact Alzheimer's will have on the
ageing British population); Simon Midgley, Spine Injuries May Be Repaired by a Nose,
10,
2008,
http:/business.timesonline.
TIMES
ONLINE
(U.K.),
May
co.uk/tolfbusiness/specials/stemcell_research/article3904111.ece (describing damage and
deterioration of nerve cells in spinal cord injuries).
4. Jenny Knight, Cancer Stem Cells Give Clues to Tumour Regrowth, TIMES ONLINE
(U K), May 10, 2008, http://business.timesonline.co.uk/tolfbusiness/specials/stemcellresearch/article3904108.ece.
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or a small subset of it, according to where the cells came from. Bone
marrow stem cells, for example, could produce only bone marrow and
the white blood cells produced by bone marrow cells. They could not be
transformed into heart or liver cells and, to date, the main field in which
stem cell treatment has been effective in human patients is the
transplant of donated bone marrow cells to treat patients with
leukemia. That has been possible because it is not necessary to change
the donated bone marrow cells into another kind of cell to provide the
treatment. However, that treatment works only to treat blood disease. It
cannot be used to repair damaged spinal tissue in paraplegic patients,
or to treat diabetes, which affects pancreatic tissue. Also, as noted
earlier, patients who receive donated bone marrow need life-long
immuno-suppressive drugs to prevent rejection of the transplanted
tissue.
In later developments in stem cell research, Japanese scientists
"reprogrammed" body cells by introducing (via genetically modified
retroviruses) four transcription factors essential for pluripotency in
embryonic stem (ES) cells. 5 The number of transcription factors has
since been reduced and, in a later report, Hans Scholer of the Max
Planck Institute for Molecular Biomedicine reportedly used only one
transcription factor to reprogram mouse adult neural stem cells. 6 That
process "still involve[d] viruses that permanently modify the cells' DNA,
7
which precludes using the cells in any potential clinical applications";
but scientists have recently reported deriving stem cells from body cells
without viruses and without leaving harmful factors that might affect
the ongoing genetic constitution of the cells.8 These studies effectively

5. Sayandip Mukherjee, Induced Pluripotent Stem Cells: A New Hope or a New
Controversy?, OPTICON1826, Autumn 2008, at 3, http://www.ucl.ac.uk/opticon1826/
archive/Issue5/ArticleBM Mukherjee.pdf. See also Am. Ass'n for the Advancement of
Sci., Cellular ReprogrammingLeads Science List of Top 10 2008 Breakthroughs, Dec. 18,
2008,
http://www.aaas.org/news/releases/2008/1218breakthrough.shtml
[hereinafter

AAAS].
6. Jeong Beom Kim et al., Oct4-Induced Pluripotency in Adult Neural Stem Cells, 136
CELL 411, 414-16 (2009); Elie Dolgin, Single-FactorStem Cells, THE SCIENTIST.coM, Feb.
5, 2009, http://www.the-scientist.com/blogtdisplay/55399/.
7. Dolgin, supra note 6.
8. See Frank Soldner et al., Parkinson'sDisease Patient-DerivedInduced Pluripotent
Stem Cells Free of Viral Reprogramming Factors, 136 CELL 964, 971-73 (2009), available
at http://www.ncbi.nlm.nih.gov/pubmed/19269371?dopt=Citation (describing a method of
stem cell creation using modified viruses that allow for an ex post removal of most
residual, and potentially oncogenic, viral factors); Anne McIlroy, CanadiansMake StemCell Breakthrough, GLOBE & MAIL (Can.), Mar. 2, 2009, at Al, available at
http://www.theglobeandmail.com/servletstory/RTGAM.20090301.wstemcellsO30l/BNStor
y/Science/home (describing the research of Dr. Keisuke Kaji, Dr. Nagy, and other
scientists who were reportedly "able to slip four genes into skin cells that reprogrammed
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turned back the biological clock of the body cells, giving them the core
characteristics of embryonic stem cells. These induced pluripotent stem
(IPS) cells can then be "differentiated" into all other tissue types.
Professor Doug Melton of Harvard also recently established that it is
possible to turn one type of body cell into a different type of body cell
(cellular reprogramming) without doing the reversion step and going
through pluripotency.9 Some people have said that this work will replace
embryonic stem cell research but that is arguable (as suggested later in
the paper) and many scientists believe that embryonic research should
continue for the present. 10 One of the main challenges in stem cell
research, both with embryonic stem cells and stem cells derived from
body cells, is to differentiate the pluripotent stem cells into the other
kinds of cells needed to replace diseased tissue (this may also include
human sperm and eggs).
Differentiating pluripotent stem cells when stem cells are derived
from body cells is a particular challenge as they are less adaptable than
embryonic stem cells. One reason for studying human embryonic stem
cells is to understand how these stem cells develop into other types of
cells: How does an embryo form into all the other tissues of the human
body? That information will help scientists trying to differentiate stem
cells into particular cells of interest.
C. Achievements to Date
In humans, much of the progress to date in stem cell research has
been in pure biology-understanding the development of early embryos
and how they differentiate from pluripotent cells into specialized cells,
like nerve cells, cardiac cells, and muscle cells. However, there has been
them to an embryonic-like state ...

[and] then get rid of the genes with the potential to

cause cancer"); Monya Baker, What a Week for iPS! Human Cells Reprogrammed with
Genes That Can Take Their Leave, NICHE: STEM CELL BLOG, Mar. 5, 2009,
http://blogs.nature.com/reports/theniche/2009/03/what a_weekjfor ips_humancelll.htm
1 (aggregating several news stories about experimental methods that minimize permanent
genetic changes after "body cell to stem cell" reprogramming).
9. See Qiao Zhou & Douglas A. Melton, Extreme Makeover: Converting One Cell into
Another, 3 CELL STEM CELL 382 (2008) (reviewing the field of "adult lineage
reprogramming"). See also infra notes 27-29 and accompanying text. Melton was initially
motivated to perform stem cell research after his infant son was diagnosed with Type I
diabetes. Alice Park, Stem-Cell Research: The Quest Resumes, TIMECOM, Jan. 29, 2009,
http://www.time.com/time/health/article/0,8599,1874717,00.html.
10. See Consensus Statement, Hinxton Group (Feb. 24, 2006), http://www.
(presenting a
hinxtongroup.org/docs/Hinxton%202006%20consensus%20document.pdf
unified statement in support of human ES cell research made by a consortium of
"scientists, philosophers, bioethicists, lawyers, clinicians, journal editors and regulators
involved in [the embryonic stem cell] field").
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significant progress in research on animals and, very recently, even in
human patients, including the following developments in key areas.
1. Derivationof Embryonic Stem (ES) Cells and Induced
Pluripotent Stem (IPS)Cells.
Mouse ES cells were first cultivated at the universities of
Cambridge and California in 1981; primate ES cells, by researchers in
Wisconsin in 1995; and human ES cells, again by researchers in
Wisconsin, in 1998; and in 2009 in China." The first published human
ES cell line was created in Wisconsin in 1998.12 The first ES cells
derived from a hybrid (fused human cells and rabbit eggs, discussed
later in the paper) were claimed to have been obtained by Dr. Hui Zhen
Sheng in China in 2003.13 Groups in the United States and the United
Kingdom have succeeded in cloning human embryos by inserting human
nuclei into human and animal egg cells and American scientist Robert
Lanza has performed research which suggests that "fully human cloned
embryos" are likely to be a better source of ES cells than interspecies
embryos. 14 Until recently, no one had produced stem cells from a cloned
human embryo but a Chinese team reportedly did this in 2009.15 In
2006, Shinya Yamanaka of Kyoto University converted adult mouse
cells into IPS cells and has since derived IPS cells from human skin

11. In 2005, South Korean Hwang Woo-Suk claimed that he had created patientspecific human ES cells from a cloned human embryo, but his research was later
discredited. Ivan Oransky,
All Hwang Human Cloning Work Fraudulent,
THESCIENTIST.COM, Jan. 10, 2006, http://www.the-scientist.com/news/display/22933/.
12. See James A. Thomson et al., Embryonic Stem Cell Lines Derived from Human
Blastocysts,
282
SCIENCE
1145
(1998),
available
at
http://www.sciencemag.org/cgi/content/ful/282/5391/1145 (describing the experiment and
creation of pluripotent stem cell lines derived from donated human embryos).
13. Roger Dobson, Milestones in Quest for Holy Grail of Stem-Cell Research, TIMES
ONLINE (U.K.), May 10, 2008, http://business.timesonline.co.uk/tol/business/specials/
stemcellresearcharticle3904105.ece.
14. See Young Chung et al., Reprogramming of Human Somatic Cells Using Human
and Animal Oocytes, 11 CLONING STEM CELLS 213, 220-22 (2009) (comparing
experimental results concerning the viability of human-human and human-animal
embryos obtained by somatic cell nuclear transfer); Brandon Keim, Research
Breakthrough: Human Clones May Be Genetically Viable, WIRED SCIENCE, Feb. 2, 2009,
http://blog.wired.com/wiredscience/2009/02/human-clones-ap.html (reporting on Lanza's
experiments with cloned embryos derived from human oocytes).
15. In 2009 a Chinese research team reported the creation of patient-specific ES cells
in which "a total of 135 oocytes were obtained from 12 healthy donors (30-35
years)." Chinese Researchers Make Cloned Human Blastocysts, CELLNEWS, Feb. 3, 2009,
http://cellnews-blog.blogspot.com/2009/02/chinese-researchers-make-cloned-human.html.
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cells. 16 At the same time, James Thompson and Junying Yu at the
University of Wisconsin obtained IPS cells by introducing genes for four
transcription factor proteins, which are proteins that turn other specific
genes on and off, into skin cells, which triggered the cells to behave like
ES cells. 17 In 2009, Australian scientists also derived IPS cells in a
similar fashion.18
2. Differentiationof ES Cells
Scientists at the Monash Institute of Medical Research reported in
2002 that they had differentiated mouse ES cells into nerve cells. Since
then, mouse and human ES cells have been differentiated into
endodermal cells (the precursors of pancreatic cells) and insulinproducing cells. 19 Human ES cells have also been differentiated into
neural precursor cells, cardiomyocytes, and hematopoietic (blood
20
forming) precursor cells.
3. Differentiationof IPS Cells; CellularReprogramming
A technique to achieve "de-differentiation" was demonstrated in
specific patients by scientists at Harvard and Columbia universities in
July 2008. They reportedly "created the first personalized stem cells for
patients with a genetic disease by rewinding their skin cells to an
embryonic state." 2' To achieve this, scientists removed patches of skin

16. See Katzutoshi Takahashi & Shinya Yamanaka, Induction of Pluripotent Stem
Cells from Mouse Embryonic and Adult Fibroblast Cultures by Defined Factors, 126 CELL
663, 663, 671-73 (2006).
17. Emily Singer, Stem Cells Without the Embryos, TECH. REV., Nov. 20, 2007,
http://www.technologyreview.com/Biotech/19742/.
18. See Adam Cresswell, Australia Masters the Stem Cell Advance, THE AUSTRALIAN,
Feb. 3, 2009, at 3. These scientists "used the viral approach (Yamanaka factors) to
reprogram human skin fibroblasts." Personal communication from Dr. Paul Verma (a
team member) to author (Feb. 6, 2009) (on file with author).
19. Charles A. Goldthwaite, Jr., Are Stem Cells the Next Frontier for Diabetes
Treatment?, in REGENERATIVE MEDICINE 67, 72 (Nat'l Inst. Health ed., 2006), available at
7_Final.pdf; NAT'L
http://stemcells.nih.gov/staticresources/info/scireport/PDFs/Chapter_
INST. DIABETES & DIGESTIVE & KIDNEY DISEASE, ADVANCES AND EMERGING
OPPORTUNITIES IN TYPE 1 DIABETES RESEARCH: A STRATEGIC PLAN 46 (2006), available at

AF3F3E75FE89/0/
http://www2.niddk.nih.govNR/rdonlyres868AA5D9-069B-44A2-BB80
GoaLIIIVersionl.pdf.
20. James F. Battey, Jr. et al., Alternate Methods for PreparingPluripotentStem Cells,
at 77,
80, available at
MEDICINE, supra note
19,
in REGENERATIVE
http://stemcels.nih.gov/staticresources/nfo/scireport/PDFs/Chapter8-final.pdf.
21. Karen Kaplan, Personalized Stem Cells Created for ALS Patients; The
Breakthrough May Lead to Treatments for Lou Gehrig's Disease,As Well As Parkinson's
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from the arms of two sisters in their eighties, who share a rare genetic
mutation that causes about two percent of Amyotrophic Lateral
Sclerosis (ALS) cases. They isolated fibroblast cells from the sisters' skin
biopsies and infected them with viruses that were able to prompt the
cells to express four dormant genes that are active during early
embryonic development-KLF4, SOX2, OCT4, and C-MYC. 22 This
procedure resulted in the production of eight stable disease-specific
stem cell lines to study in the laboratory, which had not been possible
before. As one coauthor of the paper on this research reportedly said,
"There's no way we could go to an ALS patient and take a sample of
their motor neurons [which reside in the brain] ."23 Only one week after
the ALS disease-specific stem cells were made, George Q. Daley from
Harvard Stem Cell Institute (HSCI) and HSCI colleagues Konrad
Hochedlinger and Chad Cowan produced disease-specific stem cell lines
from patients with ten medical conditions: Duchenne muscular
dystrophy, Becker muscular dystrophy, juvenile-onset (type 1) diabetes,
Parkinson's disease, Huntington's disease, Down syndrome, ADA severe
combined immunodeficiency, Shwachman-Bodian-Diamond syndrome,
Gaucher's disease, and a carrier of Lesch-Nyhan syndrome. 24 By
watching the disease-specific stem cells differentiate in the lab,
scientists can observe how these debilitating diseases take hold and
progress at a cellular level, which is impossible to see in a living
patient. 25 Similarly, in 2008, a stem cell disease model was created from
reprogrammed skin cells from a patient with spinal muscular atrophy, a
26
genetic disease.
At that time, it was thought that an adult IPS cell would have to be
taken back in time to the pluripotent stage, like an ES cell, before it
could be reprogrammed into another kind of cell, usually a
and Alzheimer's, L.A. TIMES, Aug. 1, 2008, at 17. See also Carina Storrs, Stem Cells from
Lou Gehrig's Patients Hold Secrets to the Disease, SCIENCELINE, Nov. 14, 2008,
http://scienceline.org/2008/11/14/bio-storrs-als-lou-gehrigs-stem-cells/.
22. See Kaplan, supra note 21; Storrs, supranote 21.
23. Carolyn Johnson, Science Achieves a Stern Cell Holy Grail,THE AGE (AuSTL.), Aug.
2, 2008, available at http://www.theage.com.au/world/science-achieves-a-stem-cell-holygrail-20080801-3okz.html (quoting Christopher Henderson, Columbia University Center
for Motor Neuron Biology and Disease).
24. See Ian Sample, Leading Journal Names the Top 10 Scientific Breakthroughs of
2008,
THE
GUARDIAN
(U.K.),
Dec.
18,
2008,
available
at
http://www.guardian.co.uklscience/2008/dec/18/top-10-scientific-breakthroughs-2008;
Twenty Disease-Specific Stem Cell Lines Created, SCIENCEDAiLY, Aug. 8, 2008,
http://www.sciencedaily.com/releases/2008/08/080807130834.htm.
25. See Sample, supra note 24.
26. Asher Mullard, Reprogrammed Skin Cells Provide Testing Ground for New Drugs:
Induced Pluripotent Stem Cells Pass Key Milestone, NATURE NEWS, Dec. 22, 2008,
http://www.nature.com/news/2008/081222/fuII/news.2008.1323.htmls=newsrss#B1.

RECENT DEVELOPMENTS IN STEM CELL RESEARCH

219

therapeutically important cell type for tissue regeneration. However,
later in 2008, Doug Melton from Harvard University reported that he
had been able to "short-circuit" the process of reprogramming an adult
cell into a differentiated cell of another kind in mice through a process
he termed "lineage reprogramming." 27 Using a strategy of re-expressing
key developmental regulators in vivo, Melton's team was able to identify
three transcription factors that together reprogrammed differentiated
pancreatic exocrine cells in adult mice into cells that closely resemble Pcells, another differentiated type of pancreatic cell. 28 Despite this
success, Melton still reports that it is unclear "whether distantly related
cell types can indeed be fully converted with a lineage reprogramming
29
approach."
In other recent research, a team of German scientists succeeded in
generating pluripotent stem cells from tissue biopsied from human
testicles. 30 Their study found that germline stem cells (GSCs) have all
the same capabilities of pluripotent stem cells as they differentiated into
various types of somatic cells under conditions also used to differentiate
human ES cells. 31 The research team has suggested that this success
shows that human adult GSCs can "provide simple and noncontroversial access to individual cell-based therapy without the ethical
and immunological problems associated with human embryonic stem
cells." 32 Japanese scientist Hiromitsu Nakauchi has reportedly turned
human stem cells into platelets, which encourage blood clotting and
33
reduce excessive bleeding.
4. ES Cell 'Treatment" in Animals
Scientists funded by the U.S. National Institutes of Health (NIH),
who were studying the loss of neurons in the brain after a stroke,
described how manipulated ES cells can be used to generate neurons to
replace those lost by disease. 34 Scientists can already drive human ES
27. Qiao Zhou et al., In Vivo Reprogramming of Adult PancreaticExocrine Cells to flCells, 455 NATURE 627, 627 (2008).
28. Id.
29. Qiao Zhou & Melton, supra note 9, at 386.
30. See Sabine Conrad et al., Generationof PluripotentStem Cells from Adult Human
Testis, 456 NATURE 344, 344 (2008).
31. Id.
32. Id. at 344, 348-49.
33. Kenji Hall, Japanese Stem Cell Scientist Announces Promising Results, BUSINESS
WEEK, Feb. 3, 2009, available at http://www.businessweek.com/globalbiz/blog/
eyeonasia/archives/2009/02/japanese-stem_c.html?campaign-id-rss-blog-asiatech.
This
research has not yet been published. Id.
34. Marcel M. Daadi et al., Adherent Self-Renewable Human Embryonic Stem CellDerived Neural Stem Cell Line: Functional Engraftment in Experimental Stroke Model,
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cells into becoming neurons outside the body. 35 However, transplants of
these cells into animal models of human diseases sometimes "overgrow"
and form tumors, suggesting that the transplants contain both desirable
neurons and undesirable undifferentiated cells. 36 Scientists now claim
they have developed a cell culturing method that selects only human
neural stem cells (hNSCs), and then drives them to become mature
neurons, with no undifferentiated cells remaining. 37 Transplants of
these cells into rats did not produce any tumors, at least within the twomonth period of observation. 38 In addition, rats that had suffered a
stroke regained the use of their damaged paws. In another study, ES
cells transplanted into rats with impaired hearts differentiated into
"normal myocardial cells that remained viable in the rat's heart for
more than four months. 39
In 2008, scientists at the Memorial Sloan-Kettering Cancer Center
in New York, led by Lorenz Studer, reported in Nature Medicine that
they had treated mice that had been bred to have a condition like
Parkinson's disease, with cloned embryonic stem cells. They created 187
lines of cloned embryonic stem cells from twenty-four mice with the
condition by inserting DNA from the mice into an enucleated egg
(somatic cell nuclear transfer, or the "Dolly technique"), and cultured
them in the laboratory to grow into nerve cells that produce dopamine.
They then injected those cells into the mice's brains, so that each
received neurons grown from their own cloned stem cells. Their
symptoms improved and they showed no signs of rejecting the
transplanted material. 40 At Kyoto University, Jun Takahashi's group is
pursuing clinical treatment of a monkey model of Parkinson's disease
with neuronal precursor cells derived from ES and IPS cells. Treatment
with the ES cells successfully reversed Parkinson-like symptoms in the
41
affected monkeys without rejection over a fourteen-week period.
PUB. LIBR. Sci. ONE, Feb. 2008, at 1, 4-5 http://www.plosone.org/article/fetchArticle.
action?articleURI=info:doi/10. 1371/journal.pone.0001644.
35. Id.
36. Id.
37. Id.
38. Id.
39. Charles A. Goldthwaite, Jr., Mending a Broken Heart: Stem Cells and Cardiac
Repair, in REGENERATIVE MEDICINE, supra note 19, at 57, 59, available at
http://stemcels.nih.gov/staticresources/info/scireport/PDFs/H.%20Chapter%206.pdf.
40. See Mark Henderson, Cloned Cells Bring Hope of Therapy for Parkinson'sDisease,
TIMES
ONLINE
(U.K.),
March
24,
2008,
http://www.timesonline.co.ukltolnews/uk/science/article3607659.ece.
41. See Bonnie Lee La Madeleine, Embryonic Stem Cell Research: Accepting the
Knowledge and Applying It to Our Lives, JAPAN INC., June 22, 2005, available at
http://www.thefreeibrary.com/Embryonic+stem+cell+research:+accepting+the+knowledge
+and+applying+it...-a0134293286.
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5. IPS Cell 'Treatment" in Animals
Rudolf Jaenisch's research group at Massachusetts Institute of
Technology has made some significant advances in this area of
treatment in relation to mice. His group successfully reprogrammed
cells from mouse tails into IPS cells that then differentiated into cells
that produced healthy red blood cells to successfully treat mice suffering
from a humanized version of sickle cell anaemia. 42 This experiment was
the first proof in principle of the therapeutic use of IPS cells. 43 In 2008,
his laboratory also reported that neurons derived from IPS cells
successfully integrated into fetal mouse brains and reduced symptoms
44
in a Parkinson's disease rat model.
6. Adult Stem Cell "Treatment"in Animals
Stem cells have also been taken from animals' bodies and used
directly in "treatments" without being made pluripotent through the
IPS process. In January 2008, scientists observed an improvement in a
mouse model of muscular dystrophy (MD) treated with muscle cells
derived from mouse ES cells. 45 Following on this research, U.S. NIHfunded scientists were able to isolate a specific type of adult mouse
muscle stem cell that improves muscle function when transplanted into
mice suffering from muscular dystrophy. 46 This method involved the
transplantation of mouse muscle stem cells (already differentiated),
which were surprisingly able to establish themselves for continued
47
repair and replacement of the damaged muscle.
A British neuroscientist, Geoffrey Raisman, grafted stem cells from
a rat's nose into a lesion in its nervous system that prevented it from
moving its left paw. Not only did the cells survive the transplant, they
triggered the growth of severed nerve fibers, which resulted in the rat
being able to move its left paw again. 48 Raisman and his team have
42. See Jacob Hanna et al., Treatment of Sickle Cell Anemia Mouse Model with iPS
Cells Generatedfrom Autologous Skin, 318 SCIENCE 1920, 1920, 1922-23 (2007).
43. See Mukherjee, supra note 5, at 5.
44. Marius Wernig et al., Neurons Derived from Reprogrammed Fibroblasts
Functionally Integrate into the Fetal Brain and Improve Symptoms of Rats with
Parkinson'sDisease, 105 PROC. NAT'L AcAD.SCI. 5856, 5856, 5859-60 (2008).
45. See Massimiliano Cerletti et al., Highly Efficient, Functional Engraftment of
Skeletal Muscle Stem Cells in DystrophicMuscles, 134 CELL 37, 44-45 (2008).
46. Id.
47. Id.
48. See Midgley, supra note 3; Brits at Their Best, Science Timeline,
http://www.britsattheirbest.com/ingenious/ii_21stcentury.htm
(last visited Mar. 25,
2010).
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identified that adult nerve fibers in the nasal cavity continually renew
themselves, so when transplanted somewhere else, they continue this
renewal with the ability to grow across the gap in the nerve pathway
and restore function. Scientists hope to identify a similar human adult
muscle stem cell population in order to learn more about what enables
the cells to self-renew and possibly to learn to boost their regenerative
potential. This research may one day lead to treatments for individuals
with MD.
Cheryl Adams, a pioneer in veterinary stem cell therapy in Illinois,
has treated thirty dogs for different joint and bone problems with stem
cells derived from their own adult body tissue with exceptional results.
For example, an eight-year-old German Shepherd had developed
osteoarthritis and hip dysplasia. After removing some fat from the dog's
abdomen, Dr. Adams had the stem cells isolated and injected the stem
cells into the dog's joints. The results from this $3,000 procedure were
"spectacular and almost immediate," according to Dr. Adams. 49
7. Stem Cell "Treatment"in Humans
Internet searches report stem cell treatments for humans that have
apparently had some success.5 0 A paralyzed man with a broken spinal
cord was reported to be walking again after his stem cells (derived from
his own bone marrow) were injected into the site of paralysis. 51 Similar
success stories are reported on the Nichi-In Centre for Regenerative
Medicine website.5 2 However, to date these treatments have not been
validated in clinical trials. The International Society for Stem Cell
Research is concerned about the safety of these procedures, which are
offered without proper scientific evaluation to vulnerable patients, and
the risk of maverick practitioners in an area of rapidly developing
49. VeterinariansAchieve Success with Adult Stem Cell Therapy in Animals, CELL
MED., May 20, 2008, http://www.cellmedicine.comlvet-stem-cells.asp.
50. In China, patients are getting treatments and blogging about them openly. See,
e.g., China Stem Cell News, http://www.stemcellschina.com (last visited Mar. 25, 2010).
Many scientists and others are concerned about such activities. See Sorapop Kiatpongsan
& Douglas Sipp, Offshore Stem Cell Treatments, NATURE REPS. STEM CELLS, Dec. 3, 2008,
http://www.nature.com/stemcels/2008/0812/081203/fulystemcells.2008.151.html.
51. See Scott Carney, Stem Cell Success for Spinal Injury in India, WIRED.cOM, Feb.
24, 2007, http:/Iblog.wired.com/biotecb2007/02/stem cellsucce.html; see also Grant
McArthur, Miracle Man Says Embryonic Stem-Cell Therapy Works, HERALD SUN (Austl.),
May 30, 2008, available at http://www.news.com.aulheraldsun/story/0,21985,237788312862,00.html (describing the experience of Louis Rowe, an Australian patient with spinal
injury, who was also treated with stem cell injections in India).
52. See Nichi-In Centre for Regenerative Medicine, Continuing Success Stories with
Stem Cell Treatment for Spinal Cord Injury, http://www.ncrm.org/media/pml2jun07.htm
(last visited Mar. 25, 2010).
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technology; 53 a concern that proved well founded after later
"descriptions of an unregulated transplant of fetal neural stem cells [in
Moscow] that developed into tumours in a patient's brain and spinal
cord."

54

Formal clinical trials have recently started to test stem cell
treatments in human subjects. Seventeen patients (of a test group of
twenty-one) who were suffering from the early stages of multiple
sclerosis reportedly showed "significant improvements in their
condition" after being injected with stem cells from their own bone
marrow by doctors in Chicago; and a "control trial . . . has been
approved with 110 patients
and research teams in the United States,
55
Canada and Brazil.
In Miami, a study of forty-five patients with heart disease is
currently under way and the first patient has reportedly been injected
with stem cells extracted from his bone marrow. The cells were injected
during a triple bypass operation and the patient will be observed to see
if new tissue is generated in the heart and the heart is pumping more
effectively. 56
53. This was a theme of the Society's annual conference in Philadelphia in 2008 and
the Society subsequently developed and published a set of guidelines for clinical
translation of stem cell research. INT'L SOC'Y FOR STEM CELL RESEARCH, GUIDELINES FOR
THE
CLINICAL
TRANSLATION
OF
STEM
CELLS
(2008),
available at
http://www.isscr.org/clinical-trans/.
54. Monya Baker, FDA Puts Plan for a Neural Stem Cell Trial on Hold, NICHE: STEM
CELL BLOG, Feb. 20, 2009, http://blogs.nature.com/reports/theniche/2009/02/fda-puts
planjfor aneural ste_1.html. See also Clive Svendsen, Stem Cell Clinical Trials Must Be
Closely
Monitored,
NATURE
REPS.
STEM
CELLS,
Feb.
26,
2009,
http://www.nature.com/stemcells/2009/0902/090226/fulstemcells.2009.34.html
(describing the Russian procedure and the problems inherent in the treatment).
55. Sam Lister, Stem Cell Therapy 'Reduces Symptoms of Multiple Sclerosis, TIMES
ONLINE (U.K.), Jan. 30, 2009, http://www.timesonline.co.uktol/life and-style/health/
article5614644.ece. See also Richard K Burt et al., Autologous Non-Myeloablative
Haemopoietic Stem Cell Transplantation in Relapsing-Remitting Multiple Sclerosis: A
Phase I/Il Study, 8 THE LANCET NEUROLOGY 244 (2009), available at
http://download.thelancet.com/pdfs/journals/laneur/PIIS1474442209700171.pdf (describing
in detail the above-mentioned study).
56. See Univ. of Miami Miller Sch. of Med., Miller School Doctors Conduct First-of-ItsKind Clinical Trial Using Stem Cells to Treat Heart Failure, Apr. 17, 2008,
http://www.med.miami.edu/medicine/x784.xml. See also Monya Baker, Positive Results
from a Heart Stem-Cell Trial, and Plansfor More, NICHE: STEM CELL BLOG, Feb. 13, 2009,
http://blogs.nature.com/reports/theniche/2009/02/positive-results-from-a-heart.html
(describing another heart disease stem cell trial undertaken by Osiris Therapeutics of
Columbia, Maryland); Amy Coombs, Stem Cells for the Heart, a New Wave of Clinical
Trials,
NATURE
REPS.
STEM
CELLS,
Apr.
10,
2008,
http://www.nature.com/stemcell/2008/0804/080410/fulustemcells.2008.55.html
(describing the successes and failures of the most recent heart disease stem cell studies, as
well as future directions for the field).
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Other trials involve patients with spinal injuries. The first clinical
trial of ES cell therapy for acute spinal cord injury has been planned by
the pharmaceutical company Geron,5 7 whose researchers apparently
plan to test their human ES stem cell-derived drug (GRNOPC1) in
patients with spinal cord injuries. The human ES cells they used to
create GRNOPC1 were derived from fertilized embryos unused in in
vitro fertilization procedures. Researchers hope that the ES cells will
differentiate into oligodendroglial progenitor cells and establish
themselves in spinal cord patients without rejection. Preliminary tests
conducted by Geron reportedly show that the ES cells evade direct
attack by the human immune system, so that patients treated in this
way would require less immunosuppression than those patients who
undergo solid organ transplants. 58 Geron submitted a 22,500-page
investigational new drug application to the FDA and the trial has been
approved. It was initially due to start in 2008, but it was deferred
because of safety concerns. It was then reportedly set to proceed in
2009. Currently, however, it has been placed on "clinical hold" after
"descriptions of an unregulated transplant of fetal neural stem cells [in
Moscow] that developed into tumours in a patient's brain and spinal
cord." 59 Other clinical trials are planned by another U.S. company,
Neuralstem, which has recently applied to the FDA for approval,
60
according to the CEO of Neuralstem, Richard Garr.
Patients disabled by stroke will reportedly be recruited into a Phase
I clinical trial in Glasgow later this year, in a project to be undertaken
by ReNeuron Group plc, which was approved by the U.K. Medicines and
Healthcare Products Regulatory Agency in January 2009.61 A total of
twelve patients will receive ReNeuron's ReNO01 cell therapy derived
from fetal stem cells, administered between six and twenty-four months

57. See Bruce Japsen, Stem Cells at a Crossroads:Geron Corp. Seeking Federal OK to
Begin 1st Human Clinical Trials, CHICAGO TRIB., Jan. 11, 2009, at 1.
58. Research Indicates Geron's Human Embryonic Stem Cell-Based Therapeutic for
Spinal Cord Injury Evades Direct Attack by the Human Immune System, B1O-MED. Bus.
WIRE, June
11, 2007, http://www.bio-medicine.org/medicine-technology/ResearchIndicates-Gerons-Human-Embryonic-Stem-Cell-Based-OATherapeutic-for-Spinal-CordInjury-Evades-Direct-Attack-by-the-OAHuman-Immune-System-357-1/.
59. Baker, supra note 54. See also Stem Cell 'Cure'Boy Gets Tumour, BBC NEWS, Feb.
18,
2009,
http://news.bbc.co.uk/2hi/health/7894486.stm
(describing further the
circumstances surrounding the botched Moscow treatment).
60. Growing the Embryonic Stem Cell Industry (Maryland Morning radio interview
broadcast Feb. 4, 2009).
61. See Helen Pilcher, Green Light for UK Stem-Cell Trial: Stroke Patients To Be
Treated
with
Tailor-Made Brain
Cells,
NATURE.COM,
Jan.
19,
2009,
http://www.nature.com/news/2009/090119/fulYnews.2009.41.html.

RECENT DEVELOPMENTS IN STEM CELL RESEARCH

225

after their stroke. 62
In other clinical developments, the U.S. FDA has approved for the
first time a drug for human health care produced by a trans.genic
animal with human genetic material (goat embryos into which
researchers have inserted a human gene grown into adults that produce"
a protein-based blood-thinning drug known as ATryn in their milk
glands).63

II. REGULATORY ISSUES AND RESPONSES
A. Activities Permitted by Law Subject to Regulatory Controls and
Ethical Oversight
1. In Vitro Stem Cell Research; Research on Animals
The first experiments in stem cell research were conducted in vitro
or on animals. There was discussion about the potential risks and
ethical implications of "interfering" with the genetic constitution of
organisms and transferring genetic material from one organism to
another. There were also concerns expressed about research on animals.
These issues have now been largely resolved and the research is
generally permitted by law, subject to ethical oversight. They will not be
discussed more fully in this paper.
2. Use in Research of "Spare"Human Embryos (Donatedby
Couples in FertilityPrograms)
The use of human embryos donated by couples undergoing fertility
64
treatment in research is accepted in the United Kingdom, Canada,
Australia, 65 and many other countries, most recently the United States.
The British Fertility Society states that it supports research on so-called
"spare" human embryos very strongly because these embryos would
62. See ReNeuron, ReNeuron Gains UK Regulatory Approval to Start GroundBreaking Clinical Trial with Stem Cell Therapy for Stroke, Jan. 19, 2009,
http://www.reneuron.comlnewsevents/news/document_178_237.php.

63. Christian Nordqvist, Blood Clotting Drug, ATryn, from Genetically Engineered
Goats Approved by FDA, MED. NEWS TODAY, Feb. 7, 2009, http://www.medicalnewstoday.
comlprinterfriendlynews.php?newsid=138241.
64. See CANADIAN INST. OF HEALTH RESEARCH, UPDATED GUIDELINES FOR HUMAN
PLURIPOTENT STEM CELL RESEARCH §§ 8.1, 8.3 (2007), available at http://www.cihr.
ca/e/34460.html.
65. See Research Involving Human Embryos Act, 2002, No. 145, §§ 3, 10 (Austl.).
Some states also have legislation, for example, Assisted Reproductive Treatment Act,
2008, No. 76 (Austl. Vic.).
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otherwise be discarded, and "the benefit to society from such research
strongly outweighs ethical and moral concerns about the status of the
embryo." 66 To the best of its knowledge, none of its members objects to
67
such research.
In the United States, research on spare human embryos has not
been prohibited by federal law but, until March 2009 when President
Obama signed the Executive Order allowing federal funding for this
research, research on ES cells could be done with federal funding only
on the sixty genetically diverse ES lines derived on or before August 9,
2001;68 and only "about 20 'presidential lines' are still viable." 69 Federal
funding in the United States for stem cell research was restricted to $90
million from 2001-05 by the Bush Administration and was cut
altogether in 2005 when President Bush took an extremist stance on the
70
subject by freezing all federal funds for any further research.
Individual states did have authority to pass laws to permit human ES
cell research on ES cell lines that were not eligible for federal funding
and some did-California, Michigan, and Missouri. 71 However, as a
result of these obvious limitations, the Stem Cell Research
Enhancement Act was passed by Congress in 2007. It amended the
Public Health Service Act to require the Secretary of Health and

66. BRITISH FERTILITY SOC'Y, RESPONSE TO THE HUMAN FERTILIZATION AND
EMBRYOLOGY AUTHORITY PUBLIC CONSULTATION ON HYBRIDS & CHIMERAS: A
CONSULTATION ON THE ETHICAL, SOCIAL IMPLICATIONS OF CREATING HUMAN/ANIMAL
EMBRYOS IN RESEARCH 3 (2007), available at http://www.britishfertilitysociety.org.uk
practicepolicy/documents0707_BFS%20final%20submitted%20response%20to%20hybrid
%20consultation%20MH.pdf.
67. Id.
68. In August 2001, President Bush barred the National Institutes of Health from
funding research on embryonic stem cells other than for research using 60 cell lines
existing when he signed an Executive Order to that effect. Professor Doug Melton was
reportedly frustrated by the limit of "a few dozen cell lines of questionable quality" and,
with private funding, developed "more than 70 new ones and ... distributed 3,000 copies
to scientists around the country for free." Park, supra note 9. See also Nayantara Som,
The Obama Effect on Stem Cell Research, BIOSPECTRUM (Asia ed.), Dec. 1, 2008,
http://www.biospectrumasia.com/content/041208IND7906.asp.
69. Marie McCullough, Obama Keeping Stem-Cell Advocates Waiting, PHILA.
INQUIRER,
Feb. 3, 2009, available at http://www.michaeljfox.org/newsEventsparkinsonsInTheNewsarticle.cfm?ID=452.
70. In 2007, President Bush issued Executive Order 13435 requiring the Department
of Health and Human Services to develop guidelines for funding alternative methods of
research. Exec. Order No. 13,435, 72 Fed. Reg. 34,591 (June 20, 2007).
71. Nat'l Inst. Health, Stem Cell Information, Frequently Asked Questions,
http://stemcells.nih.gov/info/faqs.asp (last visited Apr. 7, 2010). Many individual states
passed laws to permit human embryonic stem cell research. See, e.g., Nat'l Conference of
State
Legislatures,
Stem
Cell
Research,
http://www.ncsl.orglissuesresearch
healthembryonicandfetalresearchlaws/tabidl14413/default.aspx (last visited Apr. 7, 2010).
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Human Services "to conduct and support research that utilizes human
embryonic stem cells, regardless of the date on which the stem cells
were derived from a human embryo." 72 It also set out various ethical
guidelines, which ultimately aimed to promote safe stem cell research.
President Obama was a propagator of the Stem Cell Research
Enhancement Act of 2007 on behalf of the Democrats, and he
emphasized that by expanding scientific access to ES cells that would be
otherwise discarded, the Act would "help scientists and researchers
develop treatments and cures to help people who suffer from illnesses
and injuries for which there are currently no cures."73 Soon after its
enactment, President Bush vetoed the Act on moral and ethical
grounds. There has also been ongoing opposition to embryo research in
74
some states.
During the Bush administration, embryo research had to be done
completely separately from any activities that were financed by federal
funding. This funding issue "stymied research" in the United States,
according to Christine Mummery, a Professor of Developmental Biology
at Leiden University Medical Center in The Netherlands. She
reportedly said:
What's happened in the U.S. is that people have become
very frustrated and a lot of private initiatives-like the
Harvard Stem Cell Institute-were started up to
circumvent the lack of National Institutes of Health
(NIH) funding. NIH researchers are either left behind or
have a huge administrative burden....
You go into a lab in the States and they say; 'this is our
NIH lab, and this is our other lab.' They have to buy one
72. Stem Cell Research Enhancement Act, S. 5, 110th Cong. § 2 (2007), available at
http://www.govtrack.us/congress/bill.xpd?bill=sll0-5&tab--summary (last visited Apr. 6,
2010).
73. Som, supranote 68.
74. According to an internet report, 5 states have introduced bills "affirming 4Jie
personhood rights of pre-born humans from the moment of fertilization": Maryland, North
Dakota, Montana, South Carolina, and Alabama. Seven States Have Launched Efforts for
Personhood Rights for Pre-born-MoreExpected, LIFESITENEWS.CoM, Feb. 18, 2009,
http://www.lifesitenews.comIldi2009/feb/09021803.html. Oregon and Mississippi are
reportedly planning similar action. Id. The Montana Personhood Amendment, SB 406,
which passed 26 to 24 in the Montana State Senate on February 26, 2009, states that "all
persons are born free and have certain inalienable rights... person means a human being
at all stages of human development of life, including the state of fertilization or
conception, regardless of age, health, level of functioning, or condition of dependency."
Katie Walker, PersonhoodAmendment Passes Montana Senate, REUTERS, Feb. 27, 2009,
http://www.reuters.com/article/pressRelease/idUS95026+27-Feb-2009+PRN20090227.
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microscope to look at NIH lines and another to look at
other lines. They have to administer all the stem cells
separately. There are even dotted lines in a lab which
75
you can and cannot cross.
In March 2009, President Obama signed an Executive Order
reversing President Bush's Order limiting the types of human
embryonic stem cell research that can receive federal tax dollars. 76 He
indicated his intention to refer the issue to Congress to change the
policy,7 7 which would meet the continuing concerns of some scientists
who believe that "research policy is better set by a comprehensive law
than by a revocable directive."78 New legislation could also repeal the
fourteen-year-old Dickey-Wicker Amendment banning the use of federal
money for research that creates or destroys human embryos. 79 This
would not only make it clear that scientists can lawfully use embryos
donated from fertility treatment programs in federally funded research,
but it would also make it possible for them to create embryos specifically
for research with federal funding.
It might be thought that there will be less demand to do embryonic
stem cell research now that pluripotent human stem cells have been
derived from IPS cells. There are likely to be fewer religious and ethical

75. Matthew Knight, Scientist: Stem Cells Could End Animal Testing, CNN.coM, Dec.
23, 2008, http://edition.cnn.com/2008/HEALTH/12/22/stem.cell.drug.tests/. Alice Park
refers to a "byzantine system of labeling and cataloging." Park, supra note 9, at 41.
76. Press Release, Office of the Press Sec'y, White House, Remarks of President
Barack Obama - As Prepared for Delivery: Signing of Stem Cell Executive Order and
Scientific Integrity Presidential Memorandum (Mar. 9, 2009), available at
http://www.whitehouse.gov/the-press-office/Remarks-of-the-President-As-Prepared-forDelivery-Signing-of-Stem-Cell-Executive-Order-and-Scientific-Integrity-PresidentialMemorandum/.
77. Carrie Budoff Brown, Obama May Not Lift Stem Cell Limits, POLITICO.COM, Jan.
17, 2009, http://www.politico.com/news/stories/0109/17540.html.
a8. McCullough, supranote 69.
79. Id. If the Dickey-Wicker amendment is not repealed, the Obama Directive may be
challenged in the courts, though the outcome is debatable because "research on already
derived cells does not destroy embryos." Meredith Wadman, Stem-Cell Inaction Prompts
Feb. 24 2009, http://www.nature.com/news/2009/090224/
Concern, NATURE.COM,
fu114571068a.html. Susan Solomon, CEO of the New York Stem Cell Foundation, states
that President Obama "cannot single-handedly green-light federal funding to create
[embryonic] stem cell lines themselves . . .because Congress in 1996 banned the use of
human embryos, even those discarded in fertility clinics or voluntarily made for scientific
purposes, for research purposes - including the creation of embryonic stem cells." Susan L.
Solomon, Patients Before Politics:Putting Science First, HUFFINGTON POST, Mar. 9, 2009,
http://www.huffingtonpost.com/susan-l-solomon/patients-before-politics-b_173084.html.
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objections to IPS cell research o and some leading scientists in the field,
such as Ian Wilmut, the creator of Dolly the sheep, have reportedly said
that they will be primarily focusing on "adult" stem cell research in the
81
future.
On the other hand, as discussed earlier, there are reasons to
continue research on human embryonic stem cells. They are more
adaptable than stem cells derived from body cells and they reproduce
indefinitely. Also, research on early embryos is necessary to understand
how pluripotent cells develop and differentiate into other kinds of cells.
One of the scientists doing the recent ground-breaking research on
deriving matched neurons from the skin cells of patients with Lou
Gehrig's disease reportedly described embryonic research as the "gold
standard" for stem cell research, which is limited by the ban on paying
women for their eggs. 82 Other scientists have acknowledged that their
83
research on IPS cells has been assisted by earlier research on embryos.
In time, human ES cells may provide the best opportunities for clinical
treatment. 84 The Geron trial, recently approved by the FDA, would have
been the first using ES cells but, at present, that trial has been
85
deferred.
The future of treatments developed from human IPS cells is also
uncertain. It has been said that "the genes used to reprogram adult cells
are, themselves, associated with cancer, so iPS cells made this way will

80. Some "Church experts" apparently have given "tentative statements of support" to
techniques including '"altered nuclear transfer' and 'oocyte-assisted reprogramming,'
which, using an unfertilized human egg and the nucleus of another cell, replace or
reprogram genes so that pluripotent stem cells-those that can develop into any bodily
tissue-are produced, but not a human embryo." John Thavis, Vatican Underlines Human
Cloning Immorality: Sacrificing Embryonic Life for Therapeutic Ends 'Gravely Immoral',
W. CATHOLIC REP., Jan. 19, 2009, http://www.wcr.ab.ca/news/2009/0119/cloning
011909.shtml.
81. Sally Lehrman, Dolly's Creator Moves Away from Cloning and Embryonic Stem
Cells, Sci. Am., Aug. 2008, available at http://www.sciam.com/article.cfm?id=no-morecloning-around.
82. Johnson, supra note 23 (quoting Kevin Eggan of the Harvard Stem Cell Institute).
This may be compared with CBC News (Can.), Stem Cells: FAQs,
July 7 2009,
http://www.cbc.calhealth/story/2009/01/07/f-stemcells.html (stating that "researchers at
the Harvard Stem Cell Institute say reprogrammed cells won't eliminate the need or value
of studying embryonic stem cells").
83. Hall, supranote 33.
84. Steven S. Clark, Induced PluripotentStem Cells Steal Limelight from Embryonic
Stem Cells, WIsC. TECH. NETwoRK NEWS, Jan. 5, 2009, http://wistechnology.com
articles/5331/. Clark adds in a later comment on the site that his prediction that "ESCs
will likely find clinical use before iPS cells do" has "become reality" with the FDA approval
of Geron's trial of human ES cells to treat spinal cord injuries. Id.
85. See supranotes 57-59 and accompanying text.
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not be used clinically."86 Even if the IPS cells can be derived without
using a cancer-inducing protein, they may still present clinical
problems. Eric Forsberg, Director of the WiCell Research Institute,
reportedly said:
[R]eprogramming of adult cells is extremely inefficient
and incomplete. The genome clock is not completely
reset and this likely plays a role in the health problems
that cloned animals have-Dolly the sheep had arthritis
and was euthanazed due to a progressive lung disease.
This raises the possibility that tissues developed from
87
reprogrammed iPS cells might not function normally.
According to the same report, Forsberg also pointed out that:
[T]he extent to which a person's genome is reset can
vary from person to person, and this could mean that
require
an
individualized
each
person
will
reprogramming regimen in order to create iPS cells for
therapeutic use. However, it is unlikely that the [FDA]
would approve such an individualized protocol because
the agency likes strict uniformity and conformity in
therapeutic protocols, not different protocols for different
88
people.
Christine Mummery reportedly said that:
It could save a lot of time and effort of taking the wrong
drugs through, or it may allow drugs through which are
lost at an early stage, because they affect the animal
cells but don't have an effect on human cells. It may also
allow more and better drugs to come through the first
89
tests or flag up safety issues at an earlier stage.
She also said that using human embryonic stem cells in testing
drugs could "be a viable and scientifically exciting alternative to animal
testing."90

86.
87.
88.
89.
90.

Clark, supra note 84.
Id.
Id.
Knight, supra note 75 (quoting Mummery).
Id.
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Nevertheless, the early clinical trials of stem cell treatments
inevitably involve risks for the participants. Ethicist Ruth Faden said,
regarding the Geron trial, that it would be the first time that a product
of human embryos has been introduced into a person [in the United
States]; if it causes problems, such as the formation of tumors, it would
not be possible to retrieve the inserted material; and it may be difficult
to obtain a voluntary, informed consent from patients who have
suddenly become paralyzed after a devastating injury. 91 However, there
are protective measures for patients in the law and procedures for
ethical oversight: FDA approval, review by hospital ethics committees
(institutional review boards), the established principles of informed
consent (voluntary decision without coercion; proper disclosure of risks,
including that risks are not known; assessment of a patient's
understanding of information provided; ability to withdraw at any time
without detriment to treatment; and reporting of adverse effects to a
92
Data Safety Monitoring Board which may stop the trial).
3. Use in Research of Human Embryos Created Specifically for
Research (Particularlyby Somatic Cell Nuclear Transfer (SCNT) or
Therapeutic Cloning)
Creating human embryos specifically for research is more
problematic than using donated embryos for research. Embryos donated
from fertility programs were created initially for the purpose of having a
child and, if they are not needed for that purpose and they are not
donated for research, they will generally be destroyed. In contrast,
creating a human embryo with the knowledge that it will be destroyed
is more morally questionable. 93 In the United Kingdom, it is lawful to
create a human embryo for research by fertilizing a human egg with
91. Growing the Embryonic Stem Cell Industry, supra note 60. Geron plans to recruit
subjects who have a crushed but not severed spinal tube, within 7 to 14 days after the
injury. Id.
92. Id.
93. The Vatican document, Dignitas Personae [The Dignity of a Person], confirms the
policy of the 1995 encyclical, Evangelium Vitae [The Gospel of Life]: "To create embryos
with the intention of destroying them, even with the intention of helping the sick, is
completely incompatible with human dignity because it makes the existence of a human
being at the embryonic stage nothing more than a means to be used and destroyed."
WILLIAM CARD. LEVADA & Luis F. LADARIA, CONGREGATION FOR THE DOCTRINE OF THE
FAITH, INSTRUCTION DIoNITAs PERSONAE ON CERTAIN BIOETHICAL QUESTIONS para. 36, at

17 (2008) (Vatican), available at http://www.usccb.org/comm/Dignitaspersonae/DignitasPersonae.pdf; JOHN PAUL II, EVANGELIUM VITAE ON THE VALUE AND INVIOLABILITY OF
HUMAN LIFE para. 14 (1995) (encyclical letter presented by Pope John Paul II), available
at
http://www.vatican.va/holy-father/john-paul-ilencycicalsdocumentshf-p-ii-enc25031995_evangelium-vitaeen.html.
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human sperm.9 4 In Australia, it is lawful to do research on human
embryos only if they are created by somatic cell nuclear transfer
(SCNT); that is, not by fertilizing a human egg by human sperm. 95 In
both countries, the research may be done only under license; the
resultant embryos may be used only for research, including the
extraction of stem cells; and the embryos must be destroyed within
fourteen days. In the United States, there is no federal law controlling
the creation of embryos by SCNT, but federal funding is not permitted
for this research. It has been performed, however, by a private company.
On Sunday, November 25, 2001, Advanced Cell Technology, a biotech
company in Worcester, Massachusetts, announced the first successful
cloning of a human embryo. The Executive Order recently signed by
President Obama allows federal funding for research on human stem
cells derived from donated embryos, but not for research involving the
creation of embryos for research.
Considering the future, one may question the ethical basis of the
distinction between SCNT embryos and "sperm-egg embryos."9 6 If eggs
are donated for research and sperm is donated for research, why should
a researcher not be permitted to fertilize the eggs for research, subject
to obtaining a license and complying with other statutory requirements?
Also, generating human embryos for research may be better than using
donated embryos, from a scientific and ethical perspective. Cells
obtained from these embryos would not have been frozen and donors of
the sperm and eggs would know in advance that the embryos would be
94. Human Fertilisation and Embryology Act, 2008, c. 22 (U.K.) (providing that
licensed parties may "[bring] about the creation of embryos in vitro"). This may be
compared with the Convention for the Protection of Human Rights and Dignity of the
Human Being with Regard to the Application of Biology and Medicine: Convention on
Human Rights and Biomedicine art. 18(2), Apr. 4, 1997, Europ. T.S. No. 164 (providing
that "[t]he creation of human embryos for research purposes is prohibited").
95. Research Involving Human Embryos Act, 2002, No. 145 § 20(1) (Austl.). There is a
limited exception where a human egg may be fertilized by a human sperm for research on
the process of fertilization, but the research must stop as soon as fertilization is complete.
Id. § 7(1)(a) (defining "human embryo"). This research is needed to investigate the efficacy
of new methods of oocyte maturation. It may be possible to artificially mature human eggs
taken from women who are not ovulating at the time of donation, or from donated ovarian
tissue or from cadavers, but it is not possible to test whether such artificially matured
eggs can be fertilized without actually fertilizing them.
96. It is true that a "sperm-egg embryo" is made up of genetic material from both
parents equally whereas an "SCNT embryo" has genetic material mostly from the person
whose body cell was used to form the embryo, with only a small amount of mitochondrial
DNA from the donated egg used to incubate that genetic material. However, that
difference does not seem morally significant where the donors are not intentionally trying
to combine their DNA to have a child. Where both donors are in an IVF program, their
view of an embryo formed from their own gametes may be different from the view of
donors of eggs and sperm separately.

RECENT DEVELOPMENTS IN STEM CELL RESEARCH

created to be used for research. 97
B. Activities Widely Condemned or Prohibitedand Likely to Remain
Prohibited
At the other end of the spectrum, some activities within the realm of
human embryonic or stem cell research arouse such concern that they
are the subject of international instruments to which many countries
subscribe and they are expressly prohibited by legislation in many
jurisdictions. Activities in this category include the development of a
human embryo for more than fourteen days; the implantation in a
woman's body of a human-animal embryo or an embryo that has been
used in research; and implanting a human embryo in an animal or vice
versa. For these activities, the law sets limits for scientists concerning
research that is generally accepted and legally permitted and research
that must not be attempted. This approach may reassure the
community that the activities about which people are most concerned
will not be permitted and will attract the most stringent penalties
available to the law. 98 I have heard of no scientists who want to do these
things 99 and it is difficult to imagine why they would.
C. Activities Currently Widely Condemned or ProhibitedBut on Which
Opinions Are Divided, or May Change
Even for activities that have aroused particular concern, views
sometimes differ regarding what should be allowed. There are
differences on some issues between countries. Also, opinions sometimes
change as knowledge expands and activities that were once condemned
may be viewed differently in at least some of their applications.
1. Human Reproductive Cloning
Human reproductive cloning (cloning to breed identical people) is
commonly considered an activity of such concern that it should always
be banned, either on moral grounds or to protect the welfare of the child
97. Tim Friend, Group Creates Embryos Specifically for Research, USA TODAY, July
11, 2001, available at http://cmbi.bjmu.edu.cn/news/0107/89.htm.
98. These unlawful activities may, of course, still be undertaken, regardless of the
legal sanctions. However, the law can only do what it can-stating what is unlawful and

imposing strict penalties for noncompliance.
99. Though George Smith mentions "considerable concern and fear that some hybrid
embryos could well be transferred to wombs of women." SMITH, supra note 1, at 9. No
examples are given of who has expressed this "concern."
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to be born. Concern has been so universal that an international
instrument condemning it, the UNESCO Declaration on the Human
Genome and Human Rights (1997), was approved by 186 nations.
Article 11 of the Declaration states that: "practices such as reproductive
cloning of human beings shall not be permitted" and many countries
have legislated to ban this practice in their own jurisdiction. Human
reproductive cloning is specifically banned in many countries, including
the United Kingdom, 100 Canada, 10 Australia,10 2 and a host of European
nations. 103

In the United States, there are currently no federal laws that ban
human cloning and a number of federal bills to introduce a ban have
100. Human Reproductive Cloning Act, 2001, c. 23 (U.K.). Therapeutic cloning (SCNT)
is permitted under license under the Human Fertilization and Embryology Act 1990. Jill
Lawless, U.K Scientists Apply for Human Cloning License, REDORBIT, June 16, 2004,
http://www.redorbit.com/news/science/65128/ukscientists applyjor humancloninglice
nse/index.html. But, permission must be obtained from the Human Fertilization and
Embryology Authority in order to perform or attempt SCNT. The first license was granted
on August 11, 2004, to researchers at the University of Newcastle to allow them to
investigate treatments for diabetes, Parkinson's disease, and Alzheimer's disease.
101. Assisted Human Reproduction Act, S.C. 2004, c. 2, § 5(1) (Can.), available at
http://laws.justice.gc.ca/PDF/Statute/A/A-13.4.pdf.
102. The first version of the Gene Technology Act, which preceded specific legislation on
human cloning and embryo research and dealt principally with genetic modification of
agricultural crops, included a provision prohibiting anyone from knowingly or recklessly
engaging in conduct which will result in the cloning of a whole human being. Gene
Technology Act, 2000, No. 169, § 192B (Austl.). A similar prohibition has been inserted
into subsequent Australian federal and state legislation, with the drafting becoming
increasingly complex in its attempts to define "cloning" and "genetically identical." See
Prohibition of Human Cloning for Reproduction Act, 2002, No. 144, § 8(2) (Austl.). The
legislation now states that a "genetic copy" of another living or dead human can be
established if"the set of genes in the nuclei of the cells of the living or dead human has
been copied." Id.
103. The Council of Europe's Convention on Human Rights and Biomedicine and its
Additional Protocol to the Convention for the Protection of Human Rights and Dignity of
the Human Being with regard to the Application of Biology and Medicine, on the
Prohibition of Cloning Human Beings appears to ban not only reproductive cloning but
also SCNT. Of the Council's 45 member states, the Convention has been signed by 31 and
ratified by 18. The Additional Protocol has been signed by 29 member nations and ratified
by 14. The national laws of some European countries also ban reproductive cloning. In
March 2005, the General Assembly of the United Nations adopted a declaration on human
cloning. Mahnoush H. Arsanjani, Current Developments: Negotiating the UN Declaration
on Human Cloning, 100 AM. J. INT'L L. 164, 164 (2006). Although the declaration is not
legally binding, the words "prohibit all forms of human cloning inasmuch as they are
incompatible with human dignity and the protection of human life" may include SCNT,
depending on interpretation. See Wesley J. Smith, The U.N. on Cloning: Ban It: The
United Nations Speaks Out Against Human Cloning, WEEKLY STD., Mar. 15, 2005,
available at http://www.discovery.orgscripts/viewDB/index.php?command-view&id=2465
&program=Bioethics&printerFriendly4true.
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failed to pass. 104 However, current U.S. federal regulations prohibit
federal funding for research into human cloning. This effectively
prevents such research from occurring in public institutions and private
institutions such as universities, which receive federal funding. Some
American states ban reproductive cloning and some also ban
therapeutic cloning (SCNT). 10 5 In Indiana, for example, both
reproductive and therapeutic cloning are banned; public funds may not
be used for cloning and a hospital's license may be revoked if its
employees undertake human cloning. 106
In California, on the other hand, reproductive cloning is banned but
cloning for research is permitted.10 7 And in Missouri reproductive
cloning is banned only if it seeks to develop an embryo into a newborn
child and uses state funds. California, New Jersey, and Massachusetts
are the only states to explicitly endorse embryonic stem cell research
and SCNT, and the laws of California, New Jersey, and Connecticut
provide funds for embryonic stem-cell research (the Massachusetts
statute does not provide for any financial support as that state no doubt
relies on its reputation to attract private investment). 108
However, despite continuing concern about the possibility that
genetic technology might be used to enable a child to be born whose
genes are almost the same as those of the person whose body cell was

104. As one legal commentator notes, "a proposal to ban human cloning, including
cloning for stem cell research, has been repeatedly introduced in Congress without
success. See, e.g., Human Cloning Prohibition Act of 2007, H.R. 2560, 110th Cong. (2007);
Human Cloning Research Prohibition Act, H.R. 222, 109th Cong. (2005); Human Cloning
Prohibition Act of 2003, H.R. 534, 108th Cong. (2003); Human Cloning Prohibition Act of
2001, H.R. 2505, 107th Cong. (2001); Human Cloning Prohibition Act, H.R. 923, 105th
Cong. (1997)." Kristin M. Hicks, Embryonic Stem Cell Researchand the Theory of
Medical Self-Defense. 21 HARV. J. L & TECH. 547, 549 n.l (2008). A new human cloning
prohibition bill was introduced into the Senate on Jan. 6, 2009. If passed, that bill would
prohibit human cloning; and also receiving or importing a product of human cloning for
any purpose. It would not prevent SCNT and other cloning techniques for research.
Human Cloning Prohibition Bill, H.R. 110, 111th Cong. § 302 (2009).
105. A table of most U.S. states' laws regarding cloning is available online. Nat'l Conf.
State Legislatures, Human Cloning Laws, http://www.ncsl.orgtprograms/health/Genetics/
rt-shcl.htm (last visited Apr. 7, 2010).
106. IND. CODE §§ 16-18-2-56.5(a), 16-21-3-4, 16-34.5-1-1 to -2 (2009).
107. The University of California was listed fourth in the "top five stem-cell institutes
globally" in a review by technology consultant Cels. See Zoe Corbyn, UK's Reputation as
World Leader in Stem-Cell Research Challenged, TIMES HIGHER EDUC. (U.K.), Jan. 22,
2009,
http://www.timeshighereducation.co.uklstory.asp?sectioncode=26&storycode
=405090&c=1. Others in the top 5 were Harvard (1), Stanford (2), University of
Washington (3), and Johns Hopkins (5). Id.
108. See id. (listing top institutions). For example, in July 2008, GlaxoSmithKline
reportedly entered into a $25 million-plus agreement with the Harvard Stem Cell
Institute. Knight, supranote 75.

INDIANA JOURNAL OF GLOBAL LEGAL STUDIES

used to create the embryo, 10 9 some people have questioned the need
always to prohibit reproductive cloning. If it could be established that
the procedure is safe for the child to be born from it, then the ethical
objections might be challenged. This form of technology could enable a
person who is infertile to have a child who is genetically related to that
person, which would not otherwise be possible. It may be objectionable
to deliberately breed identical people, the scenario of the film Boys from
Brazil. But is it wrong for people to try to have a child who shares their
genes?
2. Deriving Human Gametes from Human Skin Cells
The same argument could be made about new research that might
enable an infertile person to have a child by producing gametes (sperm
or ova) from his or her own body cells through IPS.11° Scientists have
already taken the first step toward this procedure. As explained earlier,
human IPS cells have been derived from human skin cells by
transferring selected genes to cells to activate their development
(Professor Shinya Yamanaka's technique);"' and, in the most recent
research on patients with Lou Gehrig's disease, scientists have
differentiated human stem cells obtained from skin cells into neurons
matched to the patients' cells. 1 2 In time, it may be possible to convert
stem cells derived from skin cells (and stem cells derived from embryos)
into sperm or eggs." 3 The Hinxton Group, an international consortium
109. The DNA of the "cloned" child is not "identical" to that of this person because the
embryo also contains mitochondrial DNA from the egg used to incubate the nucleus from
the person being "cloned."
110. For discussion of this technology and reasons why it might be used, see generally
Loane Skene, Deriving Sperm and Eggs from Human Skin Cells: FacilitatingCommunity
Discussion, 25 J. CONTEMP. HEALTH L. & POLY 76 (2008).
111. Daniel J. DeNoon, Rejuvenated Skin Cells Make Stem Cells: Adult Cells Turned
Back into Embryo-Like Stem Cells, WEBMD HEALTH NEWS, Nov. 20, 2007,
http://www.webmd.com/news/20071120/rejuvenated-skin-cells-make-stem-cells.
112. UCLA Stem Cells Scientists Make Electrically Active Motor Neurons from iPS
Cells, E! Sci. NEWS, Feb. 24, 2009, http://esciencenews.com/articles/2009/02/24/ucla.stem.
cells.scientists.make.electrically.active.motor.neurons.ips.cells.
113. Professor Shinya Yamanaka of Kyoto University reportedly said that "it may also
be possible to grow egg and sperm cells for infertility treatments, which raises the
controversial possibility of growing eggs from men and sperm from women so that same
sex couples could conceive a baby." Roger Highfield, Stem Cell Research Revolution Spells
End for Therapeutic Cloning, TELEGRAPH (U.K), Nov. 20, 2007, available at
http://www.telegraph.co.uklscienceandtechnology/science/sciencenews/3315273/Stem-cellresearch-revolution-spells-end-for-therapeutic-cloning.html. In a comment on the same
site, Professor Alta Charo, University of Wisconsin-Madison Professor of Law and
Bioethics says: "This is a method for creating a stem cell line without ever having to work
through, at any stage, an entity that is a viable embryo." Id.

RECENT DEVELOPMENTS IN STEM CELL RESEARCH

on stem cells, ethics and law, recently issued a Consensus Statement
concerning research that may lead to human sperm and eggs being
derived from stem cells which could come from embryos or from body
cells. 114 Some progress has already been made in research on mice, in
which sperm-like cells and egg-like cells (the beginnings of sperm and
eggs) have been derived from skin cells but they have not developed to
mature sperm and eggs. However, some of the early sperm-like cells
appear to have matured when inserted into the testis of a mouse and
have led to the birth of live pups, though they had deformities and died
115
within months.
3. Sale of Human Sperm, Eggs, and Embryos
If human embryo research is to continue, either in place of humananimal embryo research or in addition to it, large numbers of human
eggs will be needed"1 6 and there is a shortage of human eggs for use in
research. This raises the issue whether monetary payments or other
inducements should be permitted for donating human eggs and embryos
for use in research. In the United Kingdom, Canada, and Australia, the
tradition in medical research has been that all tissue used in research
should be given gratuitously, including human eggs and embryos, and
payments are not permitted beyond reasonable expenses,"17 such as
reimbursement of the donors' medical expenses and compensation for
loss of earnings due to the donation. Similarly, European countries
disapprove of commercialization or obtaining financial gains from the

114. Consensus Statement, Hinxton Group, The Science, Ethics and Policy Challenges
of Pluripotent Stem-Cell Derived Gametes (April 11, 2008), http://www.hinxtongroup.org/
ConsensusHG08_FINAL.pdf; Skene, supra note 110, at 76.
115. Presentations at the Hinxton Group meeting, April 11, 2008 (on file with author).
116. According to an Australian newspaper report, 227 sheep eggs were used to create
Dolly and 304 monkey eggs to create the first two primate ES cell lines. Jack Martin,
Amen to Death of Embryo Research, AUSTRALIAN, Jan. 17, 2008, available at
http://www.theaustralian.com.au/news/opinion/amen-to-death-of-embryo-research/storye6frg7ef-1111115333189. The Chinese team that reported the creation of patient-specific
human ES cells apparently used "a total of 135 oocytes [that] were obtained from 12
healthy donors (30-35 years)." See Chinese Researchers Make Cloned Human Blastocysts,
supra note 15.
117. See Assisted Human Reproduction Act, S.C. 2004, c. 2, §§ 6, 7, 12 (Can.), available
at http://laws.justice.gc.ca/PDF/Statute/A/A-13.4.pdf; Prohibition of Human Cloning for
Reproduction Act, 2002, No. 144, § 21 (Austl.); CANADIAN INST. OF HEALTH RESEARCH,
UPDATED GUIDELINES FOR HUMAN PLURIPOTENT STEM CELL RESEARCH § 4.0 (2007);

Human Fertilisation & Embryology Authority, SEED Report: A Report on the Human
Fertilisation & Embryology Authority's Review of Sperm, Egg and Embryo Donation in
the United Kingdom (2005), available at http://www.hfea.gov.uk/docs/SEEDReport05.pdf
[hereinafter HFEA].
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donation of human reproductive materials. In the United States, there
is no federal legislation governing the sale of human eggs and they may
be sold for a "fair price" for use in fertility programs. 118 The meaning of
"reasonable expense" and "a fair price" is open to interpretation.1 1 9
What type of monetary payment is appropriate (e.g., cash or in-kind
services, such as being advanced in the waiting list for fertility
120
treatment)?
In 2000, the Ethics Committee of the American Society of
Reproductive Medicine (ASRM) stated (in the context of egg donation to
assist infertile couples to have children) that: "Payments to women
providing oocytes [eggs] should be fair and [yet] not so substantial that
they become undue inducements that will lead donors to discount
12
risks." 1
The ASRM said:
Although there is no consensus on the precise payment that oocyte
donors should receive, at this time sums of $5,000 or more require
justification and sums above $10,000 go beyond what is
appropriate. 122 Programs recruiting oocyte donors and those
assisting couples who have recruited their own donors should
establish a level of compensation that minimizes the possibility of
undue inducement of donors and the suggestions that payment is for
23
the oocytes themselves.
Additionally, the Committee stated that, to avoid commodifying
human gametes, compensation should not be based on a donor's ethnic

118. Some states, however, have legislative restrictions on the sale of eggs for use in
research. California, for example, prohibits the purchase or sale of an ovum, zygote,
embryo, or fetus for the purpose of cloning human beings. In New York, researchers can
now pay women from public funds up to $10,000 for "expenses, time, burden and
discomfort" of donating their eggs. Corky Siemaszko, $10,000 Is an Egg-Cellent Price,Says
Stem
Cell
Panel, N.Y.
DAILY
NEWS,
June
26,
2009,
available at
http://www.nydailynews.com/news/2009/06/26/2009-06-26-10000-is-an-eggcellent-pricesays-stem.cellpanel.html.
119. See Rosario M. Isasi & Bartha M. Knoppers, Monetary Payments for the
Procurement of Oocytes for Stem Cell Research: In Search of Ethical and Political
Consistency, 1 STEM CELL RES. 37, 39 (2007).
120. The ethical distinction is blurred. See Insoo Hyun, Fair Payment or Undue
Inducement?, 442 NATURE 629 (2006) (criticizing arguments against compensating women
for oocyte donation).
121. Ethics Comm., Am. Soc'y Reproductive Med., Financial Compensation of Oocyte
Donors, 88 FERTILITY & STERILITY 305, 308 (2007) [hereinafter ASRM].
122. Id. George Smith states that "some women obtain upwards of $75,000 in the open
market for their eggs to be used [in IVFI." SMITH, supra note 1, at 149, 172 n.55.
123. ASRM, supranote 121.
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or personal
characteristics.
The ASRM
Ethics
Committee
recommendations serve as compensation guidelines for the Society for
124
Assisted Reproductive Technology's clinical practices.
Similar principles would seem appropriate where eggs are donated
for research, especially where the woman must undergo ovarian
stimulation and surgical egg collection for the research alone, rather
than donating eggs that have been formed for fertility treatment but are
no longer needed. But if the payment or inducement is not so great as to
threaten the woman's ability to provide free and voluntary informed
consent for donation, 125 or to appreciate the risks of the procedure, 126 or
to agree to the procedure only because of the inducement, then one
might question why women should be prevented for donating their eggs
for research. If there is concern that eggs may be imported for research
from other countries that have less stringent protection for donors, then
legislation could be passed to prohibit the importation of gametes and
stem cell lines that have not been procured in accordance with the local
laws governing monetary payments and consent.
However, even if human eggs could be sold, it is unlikely that there
would be a large number available for research. Many human eggs will
be needed and women who may wish to be donors will no doubt be
deterred when they are told about the risks of donation. After gaining
approval from various regulatory boards at Harvard University last
year, Kevin Eggan and his collaborators began recruiting egg donors
with advertisements in local papers and disease-advocacy magazines.
Eggan said, 'We've had hundreds of calls from women who are
interested in donating, but when they find out about the time, effort,
127
and pain involved, they simply can't take the time to go forward."
Eggan blames the Massachusetts regulations prohibiting researchers
from paying women for their eggs (meant to prevent the coercion of poor
women) for the lack of donors. 128 Yet in the context of assisted
reproductive technology (ART), when women undergo the same
donation procedure to provide eggs for infertile women, the donors
receive payments from $3,000 to $10,000.129 Eggan asks: "If we feel
124. See Sharon N. Covington & William E. Gibbons, What Is Happeningto the Price of
Eggs?, 87 FERTILITY & STERILITY 1001 (2007).
125. See generally Ruth Macklin, 'Due' and 'Undue' Inducements: On Paying Money to
Research Subjects, 3 IRB: ETHIcs & HuMAN RES. 1 (1981) (exploring the ethics and
assumptions behind different forms of inducement). See also HFEA, supra note 117.
126. J.P. Bentley & P.G. Thacker, The Influence of Risk and Monetary Payment on the
Research ParticipationDecisionMaking Process, 30 J. MED. ETHIcS 293, 297 (2004).
127. Emily Singer, Human Therapeutic Cloning at a Standstill, TECH. REV., Oct. 9,
2007, http://www.technologyreview.com/Biotec/19488/ (quoting Eggan).
128. Id.
129. Id.
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comfortable compensating women who donate eggs for ART-and
infertility is a terrible disease-why aren't we comfortable
compensating women for donations that could aid other serious
diseases?"'130 But even if attractive compensation is provided, the
number of eggs obtained is likely to remain relatively small.
4. CreatingHuman-Animal Embryos
131
The creation of human-animal embryos is banned in Australia,
132
Canada,
and in many European and other countries. It is not
currently banned in the United States (the Human-Animal Hybrid
Prohibition Bill was introduced in 2008 but has not been passed), but
federal funding is not permitted for this research in the United States.
In the United Kingdom, on the other hand, the first human-animal
embryo was created in 2008 by scientists at Newcastle University under
a license from the Human Fertilisation and Embryology Authority
(HFEA).133 The validity of that license was confirmed in 2008 when the
Human Fertilisation and Embryology Act of 1990 was amended by
Parliament. 34 Since then, two more licenses have been granted and the
first human-animal embryo has been formed, though no stem cells have
yet been derived from it. The Act covers what are called "human
admixed embryos." These include not only cybrids (or cytoplasmic
hybrids), which are formed by "incubating" human genetic material in
cytoplasm from an animal and would be almost entirely human, but also
other embryos that are up to half "animal."' 35 Researchers are required

130.
131.

Id.
Prohibition of Human Cloning for Reproduction Act, 2002, No. 144, §§ 8(1), 17, 18

(Austl.).
132. Assisted Human Reproduction Act, 2004, §§ 5(1)(i), (j) (Can.).
133. Mark Henderson, We Have Created Human-Animal Embryos Already, Say British
Team, TIMES ONLINE (U.K.), April 2, 2009, http://www.timesonline.co.uk/tol/life and_
style/health/article3663033.ece.
134. See Press Release, HFEA, HFEA Chair Welcomes Royal Assent for HFE Act (Nov.
13, 2008), http://www.hfea.gov.uk/en/1746.html; Robin Lovell-Badge, The Regulation of
Human Embryo and Stem-Cell Research in the United Kingdom, 9 NATURE REV.
MOLECULAR CELL BIo. 998, 1001 (2008). Creating a "true hybrid" by fertilizing a human
egg with animal sperm or vice versa is unlawful. David Batty, Hybrid Embryos Get GoAhead, GUARDIAN (U.K.), May 17, 2007, http://www.guardian.co.uk/science/2007/may/17/
businessofresearch.medicineandhealth.
135. The human-animal hybrid embryos that may be created under license are: cybrids
(cytoplasmic hybrids) formed by "incubating" human genetic material in cytoplasm from
an animal; transgenic embryos formed by introducing animal DNA into one or more cells
of a human embryo; chimeras formed by adding one or more animal cells to a human
embryo; hybrid embryos formed either from a human egg and animal sperm or vice versa,
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to obtain a license from the HFEA before creating human admixed
embryos and must destroy them after fourteen days.
If stem cells that are almost entirely human can be produced from
human-animal embryos, then that could provide an advantage for
scientists undertaking stem cell research. 136 Although these stem cells
could not be used in treatment, the scientists could derive large
numbers of these stem cells for research, including stem cells that carry
the genes for particular diseases, without the need to use donated
human eggs. If the research on these stem cells yields interesting
results, one can imagine pressure mounting to lift the ban on creating
human-animal embryos for research. This happened in a limited and
slightly different context in Australia, when an exception was provided
to the general ban on creating human-animal embryos to allow the socalled "hamster test" to be performed.137 This involves fertilizing a
hamster egg with human sperm to test the viability of that sperm. If a
hamster egg could not be used, it would be necessary to use a human
egg and those eggs are in short supply.
Similarly, in the United States, the United Kingdom, and some
European and other countries, the law allows the breeding of animals
with human genes to produce drugs for human health care. The most
recent example, as mentioned earlier in the paper, is the protein-based
blood-thinning drug known as ATryn that will be produced in the glands
of transgenic goats and harvested in their milk. This drug will be
evaluated by the FDA-the first time it has evaluated a method of
producing drugs from transgenic animals. 38 If it is approved, this drug
may be followed by many others made by a similar method in other
genetically engineered animals. There are already "[o]ther products in
or from an animal pro-nucleus and a human pro-nucleus. Human Fertilisation and
Embryology Act, 2008, c. 22, § 4A(6) (U.K.).
136. Research to date suggests that animal eggs could not be used to generate patientspecific stem cells "without appropriatereprogramming." Young Chung et al., supra note
14, at 213 (emphasis added). See also Keim, supra note 14. However, the utility of using
animal eggs has been questioned by other scientists. See, e.g., Elie Dolgin, Animal Eggs
No Good for Cloning?, SCIENTIST.coM, Feb. 2, 2009, http://www.the-scientist.coml
news/display/55392/.
137. The Lockhart Committee recommended to the Australian federal government in
2005 that this test should be permitted. Legislation Review Committee, Legislation
Review: Prohibition of Human Cloning Act 2002 and Research Involving Human Embryos
Act 2002, Recommendation 17, at xxiii (2005), available at http://www.nhmrc.gov.auL
filesnhmrcfile/research/embryos/review/legislationreviewjreports_full doc_ 19dec05.pdf.
The Prohibition of Human Cloning for Reproduction Act now permits the test. See
Prohibition of Human Cloning for Reproduction Act, 2002, No. 144, § 23B, note (a)

(Austl.).
138. Aaron Rowe, FDA to Evaluate Drugs Made by Genetically Modified Goats, WIRED,
Jan. 8, 2009, http:/Iblog.wired.com/wiredscience/2009/01/drugsfromgoats.html.
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the pipeline [that] are designed to treat people with hemophilia, severe
respiratory disease and debilitating swollen tissues .... The technique
could make it cost-effective for companies to develop drugs to treat
139
diseases that affect relatively few patients."'
The process involves inserting a human gene ("the DNA that codes
for the human antithrombin protein") into "the single-celled embryo of
an animal,"'140 so this seems to be a human-animal embryo.' 4 ' However,
there is likely to be widespread acceptance of this research because it
could greatly reduce the price of manufacturing protein-based
medications, which are notoriously expensive. Community attitudes
may be affected by seeing that particular research has clear benefits
(though creating a whole animal with some human genes is less
problematic than creating embryos that are largely human).
At the same time, research that is "contentious" will be under
greater scrutiny than other research and scientists who want to create
human-animal embryos may be pressed continually to justify their
research in the light of its potential benefits. This is already happening
in the United Kindgdom For example, a journalist writing in the
Guardiansaid:
The magazine Science has judged reprogramming adult
cells 42 as the greatest scientific breakthrough of 2008from any area of science ....
In 2008 [Spanish] doctors
used stem cells from bone marrow to create a whole new
human organ-a trachea-for transplantation. 43 . . .
[A]nd what is more, it actually works. It is not all spin
and vague promises . . . . In marked contrast the
Newcastle team [which has a license to create humananimal embryos] . . . have taken cells from human
embryos and created animal-human embryos [-but

139. Karen Kaplan, New Old-FashionedDrug Makers: Goats, L.A. TIMES, Jan. 10, 2009,
available at http://www.latimes.com/news/nationworld/nation/la-sci-geneticmilkl02009
janl0,0,242781.story.
140. Rowe, supra note 138 (quoting Thomas Newberry, Vice President of GTC
Biotherapeutics, the company that has developed the drug). According to Rowe, "the drug
is already on the European market, but if approved, it will be the first medication made by
a GM animal to be sold in the United States." Id.
141. Though Newberry says that "Our technology simply provides an extra bit of coding
so the mammary gland also makes a protein with human therapeutic value." Id.
142. AAAS, supranote 5.
143. See A Stem Cell Success Story - UK Stem Cell Biologists Help to Deliver a New
Bronchus for Claudia Castillo, U.K. NAT'L STEM CELL NETWORK NEWSL., Winter 2008, at
8, available at http://www.uknscn.orgtdownloads/newsletterwinter08.pdf.
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nothing else.] 144
Moreover, even if a new ban is not imposed on the creation of
human-animal embryos, it may become increasingly difficult for
scientists to do this research. Regulatory bodies may not grant licenses
because such research is not regarded as "necessary"; 145 ethics
committees may not approve the research and embryo donors may not
consent; 146 government funding agencies may prefer to allocate research
funds to other projects; 147 and private investors may be concerned about
potential profits if there are difficulties in148 patenting genetically
modified animals and substances they produce.
In my view, it is not necessary to have a legislative ban on the
creation of human-animal embryos--or transgenic embryos. The main
concern that people have about these activities is the possibility that a
creature will be created that is half human and half animal. The law in
many jurisdictions rightly guards against that happening by legislation
preventing the development of embryos formed for research beyond
fourteen days and prohibiting attempts to implant such an embryo into
a human or an animal.
144. David Jones, Nothing But a Sideshow: The Prospect of Cures from Animal-Human
Hybrids Is Not Based on CrediblePredictionsBut on Spin and Empty Promises,GUARDIAN
(U.K.), Jan. 16, 2009, available at http://www.guardian.co.uldcommentisfree/
beliefI2009/janl6/ethics-stemcells.
145. Though Jones notes that "the HFEA which issued these licences has the
extraordinary record of never having ultimately refused a research licence in all its 20
years." Id.
146. Jones states with regard to the Newcastle team's experiment, "it seems to have
been done without permission from the couple who donated the original embryo. Some of
their DNA has been put into cow eggs without their consent. Would you be happy about
this?" Id.
147. Two groups at King's College London and Newcastle University have reportedly
had grant applications to create hybrid embryos rejected, "forcing [them] to consider
putting the research on hold." Ian Sample, Rival Stem Cell Technique Takes the Heat out
of Hybrid Embryo Debate, GUARDIAN (U.K.), Jan. 13, 2009, available at
Instead,
http://www.guardian.co.uk/science/2009/janl3/hybrid-embryos-stem-cells.
funding agencies are financing IPS cell research with the latest figures from the Medical
Research Council showing that funding for adult stem cells, which includes IPS cells, rose
sharply last year as a proportion of all stem cell research, from 46% to 61.3%. Id. Harry
Moore, head of reproductive biology at Sheffield University reportedly said that the reason
for this shift is clear: 'What has happened is the field has moved on. You could argue that
iPS cells are a more important area than hybrids now." Id. Sir Leszek Borysiewicz, chief
executive of the Medical Research Council, reportedly said that grants are based on peer
review which "rules out the possibility of a personal moral view influencing the final
outcome of a proposal." Id.
148. George Smith notes under the heading "Encouraging Experimentation" that "there
are more than 100 patent applications related to products of genetic engineering." SMITH,
supra note 1, at 60, 92 n.114.
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CONCLUSION

It can be seen from the brief account of recent developments in
human stem cell research that scientists have made considerable
progress over the last few years toward forming stem cells from embryos
and body cells, and also toward differentiating those cells into other
kinds of cells. Progress has been slow in deriving human stem cells from
human embryos produced by somatic cell nuclear transfer, but that
research has only recently been permitted and it is in the early stages.
Routine stem cell treatment is likely to be some time away in humans,
but there have been significant developments in animals. The limited
availability of donated human eggs is one factor limiting embryo
research. This could be overcome by allowing human genetic material to
be inserted into animal eggs to obtain stem cells for research. That is
already being done in the U.K., but, again, this research is in the early
stages.
However, future developments in science-and the ethical and legal
responses-will depend on which avenue of research ultimately proves
the most promising. President Obama has given his strong support to
research on a greater range of human embryonic stem cells, saying he
hopes that "Congress will act on a bi-partisan basis to provide further
support for this research" where it is "both scientifically worthy and
responsibly conducted" under "strict guidelines." 149 Many scientists have
been delighted about the new Executive Order. 150 President Obama has
also supported other research "to convert ordinary human cells into ones
that resemble embryonic stem cells."1 51 We do not know which avenue of
research will be most successful, but, as President Obama has said, we
should "[protect] free and open inquiry."152

149. Press Release, supra note 76. Relevant guidelines include, for example, the INT'L
SOC'Y FOR STEM CELL RESEARCH, GUIDELINES FOR THE CONDUCT OF HUMAN EMBRYONIC

STEM CELL RESEARCH (2006), available at http://www.isscr.org/guidelines/ISSCRhESC

guidelines2006.pdf.
150. See Press Release, Int'l Soc'y for Stem Cell Research, ISSCR Scientists Elated for
Future of Human Embryonic Stem Cell Research After Obama Lifts Funding Ban (Mar. 9,
2009), availableat http://www.isscr.orgpress releases/obama-repeals.html.
151. Press Release, supra note 76.
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